Searching PAJ 1/2 ^—v 




PATENT ABSTRACTS OF JAPAN 



(11 )Publication number : 1 0-093348 

(43)Date of publication of application : 10.04.1998 



(51)Int.CI. 




H03B 7/06 




(21 Application number 


08-242973 


(71)Applicant 


: DENSO CORP 


(22)Date of filing : 


13.09.1996 


(72)Inventor : 


MATSUGAYA KAZUOKI 








SAWADA MANABU 



(54) VOLTAGE CONTROLLED OSCILLATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the circuit 
configuration with ease of MMIC and to provide linearity 
between a DC bias voltage and an oscillation frequency. 
SOLUTION: The voltage controlled oscillator 1 1 is 
provided with a negative resistance circuit 12 consisting 
of an HEMT 14 and of a feedback circuit applying 
positive feedback to the HEMT 14 and with a resonance 
circuit 13 connecting to the negative resistance circuit 
12, and the oscillation frequency is variably controlled by 
varying a DC bias voltage fed to the HEMT 14. In this 
case, a feedback amount of the feedback circuit is 
shifted from a point where an absolute resistance of the 
negative resistor is maximized when viewing the HEMT 
14 from an output terminal of the HEMT 14 thereby 
reducing the negative resistance. Through the 
constitution above, the DC bias voltage and the 
oscillation frequency have a linearity. 
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(54) [»^<7>^^] «E*8W$S«t§g 



(57) 

[!•■] mm I Cftn: fc3&s**«rpHB4HlB«rit 

*38Wo«i£fH»»«»i 1 tt, hem 
T 1 4 W:OHEMT 1 4 KjE»»S:*D;t 6»»§]B 

«KtSixfc*«IsIB 1 3 t Srfll^., H EMT 1 4 dfiDx. 
<7}ffiil§&, HEMT 1 4<7)tti^^i L ^6HEMT 1 4 




(2) 



»W)¥l 0 - 9 3 3 4 8 



»a**D^«»aig»^6*-5Att««iiHiKi:, #«s 

JEZ^m-tZZ tic X 9 BT«fM«l-r« <£ -5 

fc«j*;S<xfc«ffi*J«i»«»«c*5^T, 

WfawisiHiKoflut**, mis h ^v^^^^tH**^ 

rt> 6 h 7 > * * ft'J Sr a fc * te« fit <£> ft *HI # gr * f c ft 

J: 9 tctHz&Lfcc <^ S:#«4:"r*«EEIM«*«»o ^ 

»it«r*D^5«3SlHlBSA>bfta*ttlS»iiaBi:, *S(h1 

»3Sft*D^^«i8igK^e>ft**tt«»iisi»i:, 

E^^to: tick 5 35SHtt**^£»J«p-*-* «fc 9 
iSSC T * ®JE t ffi EI8 fi ® ft £ # ft ffl? Sr * i" o 

[8**^4 ] h7>^^^S(/r^h7 ^**tCjE 

»3t**D^.*»3tlHlBSd»?>ft*ftttlg»tlHlBi:, #tSIsl 
B££ffit*-x WIS h 7 Vv>^^{wiP^.Silj5«^-r T^® 30 

ffirlB«9lsl8ftSr, WEB:«'WT;*«ffifcttE»«»JS 

ffiEgi£»ss<afi<*«r, we h^y^^^ffl^ffl^^ 

6 h7^^^^«*Afc*tt«R^JI6#fl[dS»*fcft* ^ 
*f4=<Z> <t 9 t>, WEei3SftBrt<a&S<aft% 

< L fc* S £JLT t * 6 J: p icRS U C t Sr»« t -T * 
Mt*« 1 EttattEEfflflHSKS. 

* (C «t «9 fll/ft L , 

y-^mffi^»ia«ffii:^pfl^Rtt, tit, 



[»*«7 ] ME»fiWrt«:*#M^a*«i§]fc*« 

8fT8E«l»IB«HlKSr. 1 a*:>Mi«»f8<0 h 7 * t , 

If:: £ £«MS£:-t-5M#3S 1 ft^L 6 O^-TfiTWcE 

»il*»D^e«»3SlllB^eift**tt«ttiHlBi:, «JEK 
J: 19 SS^^iasftOW^THBft^ yfyt$rtlt/^*i 

ME«§ig[E]BS£>4S«S£. WE h7^y^^ <&fcB^BI-7- 
h 7 ^v 5 * -^^Jiftyt^ttSl^^itfe^tffi^ft^twft 
e^J^f £1- «t 3 > lfflEAt£1gffi*^3 < "T* 

J: 19 ^Sr^^J^WfflJ^TIBft =» ^fyt^rf IX ft£^ii 
ciricj:^. WrEitaiE^'rT^«JEi:lWE»«Hi6»fc 

WECiilillK^SS&t/mEa^^V^^***, WE 

ttE*tt«tt*:/>* < UfcC ^ tttfrWLt 1 * 

fc(i 8 lcEtt<a«ESJffl*fi*o 

[0 0 0 1 ] 

[0002] 

(FM) t^l^Cli, »««JfittSr^I«#J»^IIB*» 

«J»-r-6*ffiMai*«» (vco) Srffl^ri^, 
"C\ BK^S*^M^ii 3i:^t a 013 (a) 

[0 0 0 3 ] ±EIU 13(a). ( b ) fC^-T X 0 iC, 




3 

2<t, |I^Aftft«:ft&<5#riR[att3 fc*»&«#3*x-C 

«^n^Wi-6^^ (W^tf^y^ a-- K) tfm^bti 
Tl^o Sfc, #«[*]» 3 Sffl^tiS-^. ^mfr* 

aiS3!<E>$§fiS§l (0 13 (a) ) 14. &M[B& 3«ija> 

(Ull 3 (b) ) li, fttt«ttHIB2«^6«^*ft!9 
Hi 

[0 0 0 4 ] ±fB«fi!c;tf>38lg3&£>«3\ ^M<7>ftJ^tC£> 

^Tli, fti*«ttlHlKt*«lHiafc<oiBSr«»*sfir#* 
»a*3BifcS*x$£i:«cJ:!!K a 

[0005] ±tE«i*^«fiSS^*3v>-c. 
m/Eia^- 5 {c*Djt$«£E(c j: 9 * 4 <D®mzmm 

tot, «BE«W»»««l^»«Hjfi»*^I«** 

[0 0 0 6 ] ±IE'<7 * * 4 SrfflV^^flHESOffll^fiSl 

4*SMKi-*::i:t;:J: !K Httft«£H£Jt;ttn g A 
CKSt5:t^-C**c L*>U «/E®Jf»381g* 1 ± 
<** 1 oo5«aiaB-e«j*ur[aKS:/h«<bUJ: 5 i L 
gp*>, *J9isy9*r4 9*9Lm9Wlb (SIT 
MM I C ti*LJ:jiLfe»^ 
4t h5^^ (St^fi^^^-f K) fcliS*^ 

1 £f£&MM i cibt§: t f«MTfcHJIt-e*>ofco 
[0 0 0 7 ] '<7 ? Lft^®/E 

©J»»«*$:MM I CffcUfc«J«*S4»l»Ba6 2 - 2 0 7 
0 0 6 ^^Cfl^^XTV^o IWMM I Cfbt/cS 

EMNSStttBl 5{c.^-r o c^ii 5(7)W(i, W 

h7y^'^ mTFETi: 
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E T 6 {ZMZ-ZV- h^^r^iECi!) FET6C0y 

stD&mm&m&^mzit. tot, «jE*j«9*fi«i 

[0 0 0 8] ±15«/S£>»<g\ ftt^ffiSitHlSS 2 Rtf #fi 

* (FET) *flii^T^6j&»e>* io(O^^^S1S±{- 
ttJ£M«P«£« l £>£<*££«i- 5 r #*I«Bi ft t) , 
70 mm i cfbi-5 c i ^ ft 60 

[0 0 0 9] 

46 («*)*) iiSMHzM-C^of: 0 tit, ctf)g 
MftXtSW (^7^-;4^ffl^/ci^MMlClt:l 

[0010] cnc^it, *»9j#i4. «fiEM«»te 

»<B38S«tt*^*'kHilJiR4r* 3 0 GH z tf:fi6 0 
GHzlg«$ta«l:, M^Sr^ + MH 2 JW± 
WH^i"* £ t ^r%^L/c 0 Cix^^fc. ± 
EHj6Bt*T*38«S*S«ffi«l»l»«»*MMl Cfb-f 

§§l l*KfPUT^fco BT, C^«EEfWW»«»l 1 
(co^T»*fflfwgftB^i-^o (ffl. HI 1 H*38W<^>S 1 ^ 

SffifiJf^i^Mtffl 1 <D«ftSlBSH(4l9 1 tH18SiaW(c|l1 

KfPLfc«EE«IWJ8«»l Ki, *#IJi<Bm«*«w*3^ 

±IE«ffi«l«H8«» l l #4, El l (c^-TJ: 5 ic, *tt« 
ttEBl 2t*«lHlBl 3t^5)1l**^Ti^ fl ±IS 

»»Sh7^^ (KTHEMTiftt^) 14h 

:^)hemti 4 coy — ^(zia^ij^a^^D^eei^B 

^ 1 5 1, m^ieib 1 6 ts &ffim*m = >T>v 1 7 <h 
HEMTU(oy-^i:sasn, te«f4S^iftsnT^ 

£0 i^[5]»l 6f4, fiiH^Bl 8, ^ ^19 

[0011] ±tseiS»B 1 8 (o— «a (^^^1 9«c* 

MES^JtiBT-tRWffllJ^*^) fix HEMT14(7)KU 

ocgi^xxi^o ±iE^^y 1 9 tmmms^m 

5^ t§@E^2 1i^oX^5 e *fc, SiSStSJfiffl^ 



5 

7 0te»#fflrt«l-f- 2 2 £/j:oTV>5 0 
[0012] -^f x *«Ih18S 1 3 I*, feiH^SS 2 3 Rtf 

^Xtt^o ±SB<£i£iS6K 2 3 tf>—« (3yfyf24 
dtg^E $ ftfcttfi'r t RMM^^F) HEMT 14(7) 

y- hCggtSntl^o "fiiJI»B&2 3 t ^>^>^2 

4 ko&mt&tfs y- h/<-f T*%w&-rz>n&m*2 

HI 10»««Stft*:fW»i"'5*J«i«E (EP*>x u£SE'< 

[ooi3] fix, ±ELfc«ffiw«P3»«»i i 
/dc-rs^mii&ssR (bu*>, hemti4, fcmmm 

5, 18, 23. **:/19, ay^/tH, 2 0, 
2 4) li, WAtfl nPSfi±l:*ait«SlSiit*3 
t), tot, «EEfH«P9S»« 1 1 # MM I C fc 
^iXi^o ctf>fl?«i (KftO L^m£MIRi)8«Wl l 
tt, W;ttf3 0 GH z *(0*B**»i»llffl*t5M 
M I Ct*5o 

[0014] ±E I n PSKl^MJWcHE 

MT 1 4 fi, I n A 1 A s /3£ I n G a A s '^nlfcig 
tS^fcHEMT-Ct)!)> ^^y— hfifiO. 5/xmT? 

may- h«fii 3 »mT?$>y, y^yff-mit 

4*T*>* 0 ±IEMM I C&flsK-TSKIBLT, 

8<Dmmz&&zixtcmt&m&2 9, 2 9t^e>»«s 

iltt^o C ^ fit « 2 8 Kt^ttttM 2 9 I4W t 
tffc-e*«Lfco ^LT, A#SK2 8 C0«-+iSfeW s £5 
0; t mi:l, W^iR 2 8 tmmmm2 9 ir^BBWWg * 
4 3^mHt ±fS^^ U-^»SS 2 6 rt 

3 0 GH z ^iBJaSt«-§-tojfifi*i. ItSt-J:^ 
<tsfa3 9 0 0 m^^of: 0 

[0 0 15] ^C:, #38W#f±, letEMMSKl 

1 (MMIC) ^fU^Mt^C^lt, ftttffifcl 
IhISSi 2^>ftttlgfit^3»$ (IP*>, asft* 

[0 0 16] ±f5AttlSJ5i<03S$fi. HEMT 

i 4. = 2 o, mmmv&i 5(d*s^7^-^ 

£itrT, HEMT 1 4^)|iI^tibS Kl/^f ^tS^ 
bHEMTHi^I/-:^ Z a £rf+gi-6 
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C t J: IP , ( I Re ( Z a ) 

I, f&U Re (Za) <0) £#:#>fc 0 
[0017] w^f+^(7D^^:, L b = 1 1 2 1 /i m(Ct£ 

lfifei£>ttf*. Re (Za) =- 1 0 4 Q-?fcofc 0 ^ C 
nb^ini^ ml^K^ L, ^MlHl^ 1 3 CO 

mmm& 23^s^, s^sss 1 6 oe^ss 1 8 a 

JO Zf*?y 1 9<D&-§:£ 3 0GHzi^)^Mt 

a**S*:h,5J:5**Sfc:Ktf U «EESfl«P38«S 1 1 
(MM I C) (D^^^i^M LfCo 

[0018] * LT, *ISW#ii. ±IBfM»Lfc«EEfM 

»%s«i i<7>m/E (y- h^r^i -mmmmmft 

2 5*wHl»D-T^y — h^^T^^O. 20V^6-0. 

3 o v*r-»a>< K{b*-fr*^e>, sssraftttRt^a* 
«*Sr«CLfc 0 y— h'<-f r*a*o. oo 

0. 0 1 V#?*-cy- h^>f7^S:#(:»^< JftS 

[0 0 19] ±Efflfi«**y9 7ICUfct^*SH3-C 
fc6o ^O03i:*s^t, rgjg (Eft) f*JS]$E 

[0020] L^u, c^J:5i:»SflifiS*s|»Stti: 
a<bi-S*Mt-C*>6i:t^ ^tit ^jiam/E (y-h^ 

[0021] ^:t\ *«Wfii, ±aiUfcJ: 9 
^ -tZZk^XV^ MM I Cfc*Siau^*ffi»J*l»JR» 
lliCio^T, Kj«'<-rT*«i£ (y-h^-YT^) <h 

%^L^ 0 CCT% «EEffifliXtR«l 

tt«fetiHiKi 2fr*3»t6»aiaB^)»a<oMS*c»a l 

»*«»*fc^«fB»uili< ft*<o-ettftv^^t, 
5d? Jiltt*dSK{kU*v^J: 5 icilBJSS^ffSttirfiT** 
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[0 0 2 2 ] ±IEfitftS:5ia*«>*fc«>K:* *»W#fi, 
«S»11 (MMIC) £fts»i-£fl»£frofco 

^«C«*SSiXfcmEE«»»«» 1 1 (MMIC) (DMrfc 

[0 0 2 3 ] #389i<a@w«:, mm i cib-rer tffim 

[0 0 2 4 ] 

^bi* b-rcirdj; 9, ±K«ttffilS4r/h* < i~ 5 J: 5 

fc, ^LTv ^S/±$'H®3£il£*(l, MM I 

[0 0 2 5 ] 11*4 2 *fctt3<0»WfC*3V>riix »5S 

E]»<o«ilo»£***:J: 9 t>/J>£ < 12:^-5 c <h K j: 
9, WUiW* J: 9 < R*t6 ^ 1 1: 

£9, «j*'<-f T^«ffi4:*««*»i:ds*»tt*r#-r 
5i5i:iiSU^6, ±ISH^« l £>389i i: W CftUfl 

Wtt«r#i-*J:5^«rilL-Ct. it*S 1 &>9&*M bfflC 
[0 0 2 6] lie, BI**5^389B«c*3t>"CJ4. <SiSIU 

»tt^*6»«^»*«c*5ftfl=<Ofc#<o*S J: 9 t>, fi 

*fc*i, wC0M< Lfc**£JlTfc*^ * 5 
^■r^^^c^Lfco WSI3»«:iE?>Jtt»il^3; 

SSrlB!*^ilSE-*--5Ci:d5T#6A»6, MMIC&fESi 

[0 0 2 7 ] »*96(?)»«{:i:^ h^>^ 
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[ 0 0 2 8 ] Mfc, R*97(08Wi:J:iill 
*i#ffl1-££'iBlEl&«:ffl;i, coit«I(H]S§^, HHgc^ 
f*1gR<@<D by>*s*9b. ztxb h7>Vx? b<D& 

±.temmmi&b*&mmxwi»bi: io^mm i cf ^ 

7b LTMt5:^^^6o 
[0 0 2 9 ] — Jj y ff*^8 11 0 <0»01fc::j3^T 

t>, &ffi'<4Tx9>&b&mm&»bi>mm&&ft-tz 
G] r £ ds-c# ho 

[0 0 3 0 ] 

^TH 1 fti>LB5 Sr#BBLftdS6BlW"r*c ±IEJB l 
<o||lfB«<o«EEWJ«i38«*^ls]ISWlJ«ii, rj8W* s Wife 

tEfflssissi i<oii]»swijai:a*w^rai:T?*>9, 

»*S,ftttAtt««tlH]lSl 2<0*tt«Bt<75»S (EP*>, 
*tt«ffij£#<0i«**fit) Sft*J:9t)/J>S<i«t6J: 
5t-Ufc*"C*>6o EAT* HI 1 KfSoTJB 1 £>2£SS0ijoD 

[0031] *i\ i ^[Eisg^^tco 

30 ^Xffim^WtW-tZo fiP.*,, «EES'J«P3gfi» 1 1 fSfctt 
ftttHIiSl 2i*fi[iIISl 3t^6i«S^ Uteffita 
[HSg. 1 2 f* N HEMT 1 4 teiSiRK 1 5 £§^[e]&§ 1 

6 tmmm^m^>^>^ 1 7 ^^e>«^^ttx^e 0 

1 6fi, e%tklS l 8 1 9 <Jr55/Slfe^ 

«i3yryf2 0i^P)*jSsnTi^, ±is^^^ 
1 9 tmmmmmm^ >v 2 0 &<z>»«L&as, ku 

^^MT^^«t5IEffit2U^ott^o 
Lt, 1 8 <h 1 9 ir^Sa^Jwiiac*^ 

^ >x 1 7 <z>mm&mt)ffi*2 2 i4oT^s, 

[0 0 3 2] * Ac, *SlH]5S 1 3 tt, 2 3 Rt/ 

=i >^ 2 4 ^ffe?M&6M^nt^ 

1 4 <^y- h*caM*sixx^5o ein«5S 23^ >^ 

[0 0 3 3 ] _bSE U fc«JE*!J«P*lS» 1 1^0^ 

5^ «j«^i3^T. Att««iiaKl 2^Att»tt^MlSS:» 



(6) 



10-93348 



Lb4l 0 4 8 //mlc8tUfc o Hb = 104 

b = 1 1 2 1 M m {^&fc<n*fot$frm*<nm*) X <o 
02 tc^i-n^u-^^ss 2 6 d?e>»*irv^c 

<b, 3 l/ - 1 JIK 2 6 (Oft f» 2 8 ^i-tftW s I: , Z0 
if-^2 8 i:Slteii2 9 t<ommw g In P 3Sfi* 

wizxzt. ±BEeai»ssi 5rt^J6*iitt3 9 0 0 

m £ /^o/: fl 

[0034] tit, _h$Lfci: ^CftWfilEl^l 2 
CDgii^Sg 1 5 GD^£ LbS:1 0 4 8 /t mKK^Lfcti 
3\ ftttttttOttt, Re (Za) =-96Qi:*o 

(Re (Za) =-10 4Q) J: <9 filt 'h £ < 

»SlHlK^«5S^3aS**^:J: t> fc/h* < g&SLfcC <t 

[ 0 0 3 5 ] ft, Attj&etlBlBg 1 2 £>gi£»K 1 5 <7}^ 
Hb t , 3^>§^[h]5S1 6 <D0k 

$ , s^[h33§ i 6 commm® 1 8 * <a«-jt 

3 0 GH z #<7>i«J8&«-^a s 3&ffiS* , t5 «fc o i-W 

(HEMT14, gig^S&lS, 18, 23, ^^^1 
9. a^^-fr 1 7, 2 0, 2 4) (2, In Pgtg±tC 30 
If Lti^^lT^^ tot, MMIC^MLt 
l>-5 0 CI oO MM I C oO^^(7^[h]^^ 0 ^- > 5 

-*% coH5*c*3Jt-5#flF-9-ao 5 3i#mui»^'r#« 

[ 0 0 3 6] £T, l)$L/-cJ:9i:MLfctE|jM 
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2 5 icEPflD-r^y— h^-f 7^^r0. 2 0 va>6 - 0. 
[0 0 3 7] ±IE8B3e»**^7 7*CLfct<O^H4T 

£>3 0 z<om*\z&^x.* rmm m&) m&i 

5o ±IBH4*»fe, JB 1 <0H*«<0«ffiffl»i8fK»l 1 

a: fc fc„ ft, ±RJB l 0> jlJtffiUcSs 

^TfS, 1k&m.tfi\s}ffi I 2<B*tt««i*«< Ltz<DX\ 
CfUCflioT* tH^m^^- 7 d 5 d Bgfi^tB 

H <h # o fc £ , EP*>, IH*t*MS<4ofcri* 

[0 0 3 8 ] JtlBmfcWCtt, ^+£}£*7l[h]S& 1 2 

2%(Ctg^"T5^^ ^citM< U 1 0 4 8 /I miCl^^i" 
* J: 5^»rtLfc*s, ^ixfcia&ftS fc<&T?li*< > % 
fernHM^ 1 2 (7>gi£*|8& l 5 L b «:±f2 10 4 

3&W#tt> 1 5 <D&: Hb SrfiiSiiSSS 1 5 

JKfi^*5l 6%^taa-r5fiS^*tS< IX 8 9 1 n mir 
^^L^miES'J«^ti* (MM I C) 1 l&flsKLfc, 
^LT, ^©fP»Lfc«ffifB»J8«»l 1 C^tb, 

[ 0 0 3 9 ] ±IS2 0(7^{t^p p p^^^p p p^#mffi«^ 

[ 0 0 4 0 ] 
[*1 1 





Lb 


«sftss* K 


Re (Za) 








a 






-104 fl 


ldBm 


X 




b 


1048/wn 


-296 


-96 ft 


— 5 dBn 


o 




c 


691 


-6% 


-66 ft 


-145dBm 


o 





[0 0 4 1 ] :^p)Me)WJ:5 (c, feil|i®gS l 5 



5<9 
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[0042] ±E*i:j:Mt mmz^-tzm 
sds**<o*f*o»#<oeasi*Bfe*s (l b = 1 1 2 

L, *58P/i#li, CiSiSl SOf^LbSr, :fet£*&tfc 

%*fc»i» 1 . 5%«fc«3"*-**$«;ttffl< LfcSEE 
1 1 Srrat5: i:tt**»ofc*s, 3 

MIX, ^nmCoPtS^^tte^*^® 
frftZZ bt>i#$. Ll\ ^ft^i:, 3*SltfE, Sfi&tfJg 

[0 0 4 3 ] i*Mtt5:t^^ 0 fc 

T»*Li^fcaC>* »»*ttSr*i-6«ffiiWW»J8» (MM 
I C) <75 9 t?T\ 1 5(D^£ L b # 

[ 0 0 4 4 ] ±IEHliS«T-*i, SEEfBdWXtKW 1 

1 ©»«»8ftOt^«t 3 0GHz ICRS Ufc*^ - 
ix«cRe>tt$ t<o-Ctt*< . tpiMKS: 3 o 

G H z J£A_h (WW60GHZ) CRSlttfi^L, 30 
3 0GHz HTCRSL-Ctft^, 

[0 0 4 5] HC, ±15H««m InP»ftl 
Lfc*S % -ftjCftjfC, GaAsSS^ttffiltfcS 

1 2 (D h7>^'HHEMT 1 4ICJ: 9 1t/#L/c7^ 

wix*wH6ix-5 t>£>T*fi#< , (til^FET (ttJISAA h 

[0 0 4 6 ] — ±iajllfiW-C(i, ^f4fe^[H]^ 1 2 
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[0 0 4 7 ] m 6 LEI 8 tt*389!<0JB 2 ^HJfiWS: 

i <D&mmt>&mm'fzmm ess 3 o&r 

^^*i#SlH]8S3 0 ^±fS«£E*J»58fi*l 1 4- 1 
OC0MM I C £ LTW/?feLTl^So 
[0 0 4 8 ] ±IBif iKIelB 3 0 li, El 6 fci^i" J; 3 Ic, 
A^S^lH]S§3 UHEMT32 £ H^S^ESS 3 3 b 

88 3 1U, ea*»K3 5, ^^^3 B&tfayfyf 3 

7*B:M««LT««sttr^5. £<o»£\ &m$k& 

5o eai«iss3 5<^-«g (^^^3 6 ic^j^-r^ 
m*tfrttw<oia¥) *hemt 3 2<^y- h^ftjRL 

tt^o ^Lt, 3 yfyf 3 7 (7)— 3 6 (C 
»*+S*^fcR#«£>«m Sr«*lt^5, HI-> 
±IS^ ^ ^ 3 6 t a yfyf 3 7 ©»«^t , HEMT 

3 2 (D y— h^^r^SrStl&t^tE*^ 38Ht^ 

[0 0 4 9 ] Sfc, m^S^EBS 3 tt, eiH»K3 
9. ^^^4 0R(;3yfyt4lS:SM»ttLt»« 

££>»-g\ ei^»»S3 9 1 Ts*-?* o<Dm 

«jSta^t3 4<£> — jBKSMfcLT^So e 
i£*8B3 9<o— #8 (**:/4 0fctt«^5#^fcR**« 
OJB^) tHEMT 3 2© Ki/-f >i:»«LT^5, * 
LX> 3yfyf4 1 (^-iffi (^■^7'4 0(^t5^ 
-T-tS^ffllJ^*^) tSUSlti^, Etc* .LIB**:/ 

4 0 b^^^^^A lOftjgi^S:, HEMT3 2 <D K t' 

[0 0 5 0 ] ^Itx HEMT32^y-^^gilt 
V^6< ^ w(OHEMT3 2fi, ^t^lSfttlnlSS 1 2C0HEM 
T 1 4 tra-<0*»(*BHII5»-e**SiXT^* 0 ^L 
Tx HEMT32(j; v ^^y-hft^O. 5 a m(C, ^ 
flry- hH^ 2 5;/mt:, 7 ^ > 2 .*(dR3g $ 
ilt^6o lf:^ ^ 3 4 C0ftilC (g5H*88S3 9 

^^^4 0^*«jjS;fc*«+«»*i:K»tllO4i-f) 
^i#^[E]^ 3 0 <D&t)$%i J r4 3 <h It^S, ZCDtti?)t8i 

[0 0 5 1] 35 A^lg^[El3§3 1 Rtfffi*»*@8S 
3 3*1, 3 0GHz mx*<D*\m&Mz*:lZtj:Z>£ o lzffij& 
ZftXteV. \,>t>tpzmft&&&b*>ixX^Z>o ^fc, 
4I«[B]B3 0^{5iH^S§3 5, 3 9R^-^^36, 4 
tEMIPSHl i (fttttettEKl 2S:l>'^*i 
§§13) (7)^^f^B5Lt/^^^c l :^)^l-LT3i7 P U'--t" 
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[0052] ^LTx ZCOX if tl ESS 3 OR 

Cf«H£fH«PXiK« 1 lf*> In PMiClSUM 
£ft-C*3?K tot, lO^MMIC^SSLtl/^, 
:<?)MM I C<OHB8<OlHl8S^^ — V^IU 7 {C7jk-r o Z CO 

[0 0 5 3 ] £Tx ±tfiLfc J: o (CftftfcMM I C 
(«£MtP«i«i i^«fflK3 0) oNHPttJE 

«I£ffl»P$8K»l l OHEMT 1 4£> Ki/^f w< 

£Lfc 0 Ifcx if HOB 3 O^HEMT 3 2<D?- V'< 

(iE«r 3 8 idEPJn-f-^SIE) 4r0Vi:Kf L 
fc„ JgK, iEHEMT 3 2<D (tE 
S^-4 2 KEpiD-f ^2. 5 V icg^ L 7t 0 

77tE) £o. oov^b-o. 4 ovM^ta^ 
<, o. oivi^tff^tt^f), 

[0 0 5 4] ±IBMfi«**^9:7fcLfci<0#EI8-C 
£>& 0 C (7)1218 KJS^T, (0ft) <0,&J iiJlfe 

HiSa«l:mtgi/«Srftl» r £ ^W»i:»B 

snfc 0 3Etc, ±is^2cD^^^jicio^T^x a*«* 

# 1 dB-2d BSS^tSHt^o^C £x IP*,, Sit^ 

[0055] i^x ±.&m2<nnmmx~n, mmmmi&m 

§§1 1 £ if (6088 3 0^1 OoOMM I C £ LTfit/&L 
SiifW^!7-7>^(O0^^iE^J«B 1 

l (*fcfi«BEiW«i»«»l l t**lH]»3 0*-«ffc 
U/ctoo) ir-^i: It 1 OOMM I C t 1 1»^ L t 

[0 0 5 6 ] 09 fi#5BW£>» 3 ^M^Wt^t' 

fe^ sb i nnitmt&ft&h zz&i&w-tZo ftx sb 

1 ©SltHWirlR]— »»«cfi % W-«F-»fcf+UTt^6o ± 
fESB 3 o jMBW-Ctt, ft l aUttOTafiailfeB 15^ 
tt^C^^ih^t, BP*Px HEMT1 4(^y-^$:IS 

g&js-r* «t o u ^u, HEMTi4coy— h 

t Fl"Ob<OWlz s gi£«&4 4&TJ*=» yryt4 5 
tfCSSS 1 2 K*3^Ttt^J»iB#^t»i8&*D;L5 <fc 9 
[0 0 5 7 ] ±!E1S#c<£>i§^x e^«3§4 4tf)^£&^ 
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£9s »i8E]B<O»38<O»SS:**J:0 fc88<-t"6J: 5 

x?SO'3yf % /f 4 5^loiI{:J:^ y— h'M 
7^ (ittj*^ 7^1E) t5Sfi«»[JSi:* s *^ttS:* 

tx mi ^fciis 2 <ommm<o x ? tc a 

70 [0 0 5 8] 110 fi**M^)»4 <OH*6«S:^-rt^ 

jbi <B*itwfcra— i^i-^^ftit^^o 

±IBlS4<03ltfiW"CJ*. 1 3 ^^CHEMT 4 

6 £I£i tx COHEMT4 6^y— hC*DX.$^^7^ 

m/Ef- <t u y- h^^a^r^fb^^Tx ^m^^m^^r 

[0 0 5 9] ^j*&tJ(C(ix HEMT 4 6 <D K U-f >± V 
-^^rML, HEMT 4 6 (Dy- h ^Tx ei£»K4 7 
Rt>*=iyryf 4 80iSM[H]BS:^LT»»UT^^ 0 

^ ±iEis^«ssg4 7 i:=i^T f v^4 8 t<nmm&&, y- 

^IE»4 9^ttV^5 0 ^rUTx HEMT4 6 cD y 
-h£x fiiS»»2 3 ^ =xV7*^*2 4 t <0t8«Afc=* 
>"r:/U-5 O^iMtgiltt^c 
[0 0 6 0] ^^StviSBl 2 0HEMT14(^) 

y- h(^x /<-rr^«*ia»5 i **8it^s, ceo 

5 3*iE?iJt^jttUT*«SttT^S 0 eaS»8S5 2<0 

-« (3yfyt53i*«4*i5i?kR»««)i 

^ T-) (lx HEMT 1 4<75y— h&t/*SlHiKl 3 0i5iS 

iitv^c ems 5 2 t 3 yfyf 5 3 i 

f j % /<^7^^»t5tE«t5 4i:/;ot^5o 

[0061] ±&Liz&ft<Dm4<Dmfcm<nmi& 

tt, SB 1 0*4S«<0»*tWi:»J«i: 4otv^, t«o 
Tx ±IE«4^*«6W^*5V>xt>, mi^^ffiCTirlJf? 

[0 0 6 2] If:, ±15^4 O^^^'J^^tilH]^ 1 3 
^ iol^T*i> HEMT 4 6(Cftx_Tx Ell 1 (C^i-^^c^ 
^t^t-K (^7^ '^) 5 5 «:flH>£ <fc 5 K« 

sittfiv\ 5 (D^mm<om^h. mmwzic 

[0 0 6 3] 112 *i*58Mo!B 6 <dM15&&\ &^-t t> 
±IE!B6^lltfe«T*tt, ^4 (D^^^rJcO^+iS^lE]^ 1 

^ 2iCx »3<ojWfi«<o*tt«ttigg8, iP*>x ^^i^fa* 
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^(OSB6<0^1f6W<0«dcfS % JB4^*lfi«<0**i:lRH: 

[0 0 6 4] * fc, ±ejb 6 <Dmmm<D&m\a\$& i 3 

3ol^-C\ HEMT4 6CfUT, (D 1 1 (Ctt: <7}pJ 

* 5 5 <D®R&&ikzitz r ^ icj: <9 , mmmmm^^j 
assise ±«ajB6(ojtife«twi:^fla»* 

[0 0 6 5] ft, ±IE?B 3 ftV> II 7 <&#2MfcMK:*3^ 
W<0«i|6IhIK3 O^rl otDMM I C <h L"C — fM^S**** 

W<oi3KS:mffifW«i*«»l l (*fc!4«flEM«iJ8«* 
1 1 ti««lelK3 OS:— ttlcLfct^) t-fi:lTl 
o<7)MM I C £ LtMLtt6V\ 

[mi] *&w<nm\<onmm&^-tm^^\ 

[B3] f*f^n P n<^f£l2] 



4#fPl¥ 1 0 - 9 3 3 4 8 

16 

14] JBl<BjMBW<0W4B 
15] mm I c<7)(h]3§^- Lt^ti 
[06] 2G>JMfc0»**W-B l tSSB 

7] 05fiSB 
[B8] B4t@i!iH 

9] *&w<Dm 3 <ojtift«s:^i-ia i ts^B 

1 o] *siw^»4^^*B«s:^:-ria 1+g^m 

[IU1 1] *?6B^^SB5<75^1fBeiJ*^-t-Sf|5^««lHlKEI 

fi 2] *mw<Dm6<Dmi&m&7f;-tm 1 ts^m 

!i 3] p y^H 

II 4] »ft5tt*»J««r^-rHl«Sia 
[El 5] !E«w»*6«**l*«:*'t"Hl«SH 

[f?^(DSfeB^] 

l l tt*ffifH*P5Bfi»* l2ttAtt«ttEII», 13 11* 
JSIhIK, 1 4liBi^ftgh7yv ? ^^ (HEM 

t) , i5fieis»8S, i6i«*@B, 2i(imffi^ 

2 2 (itH^^T-. 2 3^)iM, 2 4 li^7>' 
IK 2 5 (im/E^T-. 2 6li3^u-tiB, 3 0 (lit 
*SlUSS, 3 2|i^tt-^ftgh7>> ? ^^ (HEM 

T) , 4 4fifei£»&, 4 5 1*3^^, 46fii^m 
T-^ib^ h7^-^^ (HEMT) . 5 5f4^T8C**y 
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